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(57) ABSTRACT 

A laser con?guration for machining a workpiece includes a 
plurality of laser light sources for introducing a laser radiation 
into a predeterminable Working area. Some or all of the laser 
light sources are disposed on an arc of a circle. 

13 Claims, 6 Drawing Sheets 
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LASER CONFIGURATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation, under 35 U.S.C. §l20, of copending 
International Application Nos. PCT/EP2004/0l3494, ?led 
Nov. 27, 2004, and PCT/EP2005/010588, ?led Sep. 30, 2005, 
Which designated the United States; this application also 
claims the priority, under 35 U.S.C. §1 19, of German Patent 
Application Nos. DE 10 2004 048 917.3, ?led Oct. 6, 2004, 
and DE 10 2005 005 453.6, ?led Feb. 4, 2005; the prior 
applications are hereWith incorporated by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a laser con?guration for 
machining or Working a Workpiece. The laser con?guration 
includes a plurality of laser light sources for introducing a 
laser radiation into a predeterminable Working area. 

The plurality of laser light sources mentioned in the con 
?guration referred to above can be realiZed not only by a 
plurality of lasers but also by laser radiation emanating from 
a laser that is split into a number of partial beams. For 
example, those partial beams may then be fed into different 
optical ?bers. 

It is knoWn to machine Workpieces With a laser beam. The 
laser beam forms a Working area on the Workpiece that is 
de?ned by a speci?c energy input. It is also known to place a 
number of laser light sources in a roW and to direct their laser 
beams together onto a Workpiece. In that case, With parallel 
alignment of the laser beams, a Working area formed by the 
overlapping laser beams is obtained. 
As a result of the spreading and overlapping of the laser 

beams (indicated in FIG. 1), there are marginal regions of the 
linear Working area that have a loWer energy density, since 
they are only reached by one laser light source, and inner 
regions of higher energy density, since they are reached by 
tWo or more laser light sources. 

Machining a Workpiece, hoWever, requires for example a 
Working area that has a minimum, predetermined energy 
irradiation and a predetermined spatial extent. Accordingly, a 
corresponding number of laser light sources must be disposed 
in the manner described above to meet the requirements With 
regard to energy irradiation and extent, Whereas the marginal 
regions, Which for example can only be reached by one laser 
light source, remain unused, since the energy input is too loW 
there. 
A further disadvantage of knoWn con?gurations is the fact 

that the light from a multiplicity of laser light sources cannot 
be introduced into the linear Working area, or only With very 
great effort. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the invention to provide a laser 
con?guration, Which overcomes the hereinafore-mentioned 
disadvantages of the heretofore-knoWn devices of this gen 
eral type and Which has greater e?iciency and/or can bring 
together light of a multiplicity of laser light sources in a 
Working plane. 

With the foregoing and other objects in vieW there is pro 
vided, in accordance With the invention, a laser con?guration 
for machining a Workpiece. The laser con?guration com 
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2 
prises a plurality of laser light sources for introducing a laser 
radiation into a predeter'minable Working area. Some or all of 
the laser light sources are disposed on an arc of a circle. 

As a result, given an appropriately large radius of the arc, it 
is possible to provide very many laser light sources, in par 
ticular any desired number of them. The light of the laser light 
sources is brought together in the Working plane, for example 
in a linear Working area. 

In accordance With another feature of the invention, in this 
case, the laser radiation emanating from the laser light 
sources disposed on the arc is at least partially focused into a 
focal area that is, in particular, substantially puntiform. 

In accordance With a further feature of the invention, the 
arc is disposed around a center point, Which corresponds 
substantially to the focal area Which in particular is puncti 
form. 

In accordance With an added feature of the invention, there 
is provided at least one re?ection element, Which is suitable 
for de?ecting part of the laser radiation into the Working area. 
Accordingly, the otherWise unusable laser radiation can be 
diverted into the Working area, Whereby the e?iciency is 
increased. The de?ection also alloWs a more homogeneous 
energy distribution over the Working area to be achieved, 
since regions With loWer energy density can be additionally 
illuminated on a targeted basis. 

With the objects of the invention in vieW, there is also 
provided a laser con?guration for machining a Workpiece. 
The laser con?guration comprises a plurality of laser light 
sources for introducing a laser radiation into a predeter 
minable Working area. At least one re?ection element is pro 
vided for de?ecting part of the laser radiation into the Working 
area. 

In accordance With an additional feature of the invention, a 
plurality of laser light sources are disposed in at least one roW 
and the laser light sources can form a linear Working area. The 
at least one re?ection element is suitable for re?ecting the 
laser radiation emanating from the outer laser light sources 
into the Working area. Such a con?guration of the laser light 
sources and the at least one re?ection element make it pos 
sible to make the otherWise unused energy of the laser light 
sources disposed in the marginal region usable for the prede 
termined Working area, so that a greater e?iciency of the 
overall laser con?guration can be achieved. 

In accordance With yet another feature of the invention, the 
at least one re?ection element has a tWo-dimensional con 
?guration, and the roW of laser light sources is aligned 
approximately orthogonal to the at least one re?ection ele 
ment. Such a structure and con?guration of the re?ection 
element and the laser light sources alloWs particularly good 
results to be achieved. In particular, such a laser con?guration 
is suitable for use in industrial production. 

In accordance With yet a further feature of the invention, 
there is provided a ?rst re?ection element and a second re?ec 
tion element, and the re?ection elements extend approxi 
mately betWeen the laser light sources and the Workpiece. 
This con?guration is also suitable in a particularly advanta 
geous Way for industrial use. 

In accordance With yet an added feature of the invention, in 
order to improve the homogeneity of the energy distribution 
in the Working area, a lens device Which is suitable for the 
collimation or focusing of the laser beams emitted by the laser 
light sources With regard to one direction, in particular With 
regard to a direction perpendicular to the average direction of 
propagation of the laser beams, is disposed betWeen the laser 
light sources and the Workpiece. The fact that the laser beams 
are only collimated or focused With regard to one transverse 
direction, but not in the transverse direction perpendicular 



US 7,810,938 B2 
3 

thereto, makes it possible to create laser light cones that are 
preferably strongly elliptical and largely overlapping and that 
complement one another to form the desired linear Working 
area. 

In accordance With yet an additional feature of the inven 
tion, the lens device includes at least one cylindrical lens. It 
may also be provided that the lens device includes a plurality 
of cylindrical lenses, Which preferably form With one another 
an included angle unequal to 0° and unequal to 180°, in 
particular an angle betWeen 140° and 160°. 

In accordance With still another feature of the invention, in 
order to introduce greater luminous poWer into the Working 
area, the laser light sources are disposed in parallel roWs. 

In accordance With still a further feature of the invention, 
the distance betWeen the lens device and the Workpiece is 
approximately 50 cm. This alloWs Working areas With par 
ticularly homogeneous energy density to be con?gured. 

In accordance With still an added feature of the invention, 
the laser light source includes a semiconductor laser or an 
optical ?ber Which is preferably fed by at least one semicon 
ductor laser. 

In accordance With still an additional feature of the inven 
tion, in order to protect the laser con?guration, a laser-light 
transmitting plate is provided betWeen the lens device and the 
Workpiece. 

In accordance With again another feature of the invention, 
the laser radiation impinges on the cylindrical lens or the 
plurality of cylindrical lenses doWnstream of the focal area 
into Which the laser radiation emanating from the laser light 
sources disposed on the arc is focused. 

In accordance With again a further feature of the invention, 
a further lens, in particular a further cylindrical lens, is pro 
vided betWeen the focal area and the cylindrical lens or the 
plurality of cylindrical lenses. 

In accordance With a concomitant feature of the invention, 
imaging optics for imaging the laser radiation onto the Work 
piece are provided doWnstream of the re?ection elements in 
the direction of propagation of the laser radiation. Such a 
measure alloWs a comparatively great distance to be chosen 
betWeen the Working area and the re?ection elements, Which 
are sometimes very large, and consequently unWieldy. 

Other features Which are considered as characteristic for 
the invention are set forth in the appended claims. 

Although the invention is illustrated and described herein 
as embodied in a laser con?guration, it is nevertheless not 
intended to be limited to the details shoWn, since various 
modi?cations and structural changes may be made therein 
Without departing from the spirit of the invention and Within 
the scope and range of equivalents of the claims. 

The construction and method of operation of the invention, 
hoWever, together With additional objects and advantages 
thereof Will be best understood from the folloWing descrip 
tion of speci?c embodiments When read in connection With 
the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a fragmentary, diagrammatic, plan vieW of a laser 
con?guration according to the prior art; 

FIG. 2 is a fragmentary, plan vieW of a laser con?guration 
according to the invention; 

FIG. 3 is a fragmentary, side-elevational vieW of a laser 
con?guration according to the invention; 

FIG. 4 is a fragmentary, plan vieW of a further embodiment 
of a laser con?guration according to the invention; 
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4 
FIG. 5 is a fragmentary, side-elevational vieW of the 

embodiment of the laser con?guration according to the inven 
tion shoWn in FIG. 4; 

FIG. 6 is a perspective vieW of an embodiment according to 
FIG. 4 With a re?ection element; 

FIG. 7 is a purely diagrammatic and not actually propor 
tioned representation used to illustrate a formation of a linear 
Working area by overlapping incident laser light cones after 
they have passed through a lens device; 

FIG. 8 is a perspective vieW of a further embodiment of a 
laser con?guration according to the invention; and 

FIG. 9 is a diagrammatic, side-elevational vieW of a further 
embodiment of a laser con?guration according to the inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW to the ?gures of the draWings in detail and 
?rst, particularly, to FIG. 1 thereof, there is seen a laser 
con?guration according to the prior art. A plurality of laser 
light sources 1 are respectively disposed in a roW and an 
emergence of their laser light is directed in the direction of a 
Workpiece 6. That con?guration has the effect of creating on 
the Workpiece a linear Working area 5, Which is distinguished 
by different energy densities, or at least by loW energy den 
sities in marginal regions, because of respective overlaps of 
laser beam cones as indicated. 

In FIG. 2 and FIG. 3, a laser con?guration according to the 
invention is represented. The laser con?guration according to 
the invention is distinguished ?rstly by the fact that tWo 
two-dimensional re?ection elements 2, 2a, in particular tWo 
dimensional mirrors, are provided at least partly to the sides 
of the laser light sources 1 and the Workpiece 6. The re?ection 
elements 2, 2a are suitable for re?ecting part of the laser light 
into a predeterminable Working area 5. This alloWs the laser 
light of the laser light sources 1 provided at the margins to 
likeWise be made usable for the predetermined Working area 
5. 

This produces better utiliZation of the laser light provided 
by the laser light sources 1, since the originally unusable part 
can be re?ected into the predetermined Working area. Accord 
ingly, the e?iciency of a laser con?guration con?gured 
according to the invention is increased, or feWer laser light 
sources 1 are required to illuminate a Working area 5 that is the 
same in comparison With the prior art With the same prede 
terminable energy. 
A further advantageous effect of the con?guration of the 

re?ection elements 2, 2a in the proposed Way is that the 
homogeneity of the energy distribution over the Working area 
5 can be improved. On the basis of overlapping laser light 
cones, as indicated for example in FIG. 1, regions of high 
energy irradiation are obtained alongside regions of loW or 
extremely loW energy irradiation. One of the factors on Which 
the degree of energy irradiation is dependent is hoW many 
laser light sources 1 illuminate a speci?c portion of the Work 
ing area 5. By appropriate re?ection or de?ection of the laser 
beams, regions With loW or extremely loW laser light irradia 
tion can be additionally illuminated on a targeted basis, so 
that a largely homogeneous energy distribution along the 
Working area can be ensured. 

Furthermore, it is provided that at least one cylindrical lens 
3 is disposed betWeen the laser light sources 1 and the Work 
piece 6 or Working area 5. The cylindrical lens 3 likeWise 
contributes to making the energy distribution along the Work 
ing area 5 homogeneous and to forming the Working area 5 in 
an advantageous Way. On the basis of a substantially circular 
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shape of the respectively impinging laser light cone, Without 
the cylindrical lens 3, a sequence of overlapping circular laser 
light cones is obtained, forming the Working area 5. If, as 
proposed, a cylindrical lens 3 is then inserted into the path of 
rays, the originally diverging laser beam is collimated or 
focused in one direction, but not in?uenced in the direction 
perpendicular thereto, so that the Working area 5 is then 
distinguished by a sequence of strongly elliptically formed 
impinging light cones (as represented purely by Way of 
example and diagrammatically in FIG. 7). Accordingly, 
extensive overlapping regions are obtained, resulting in an 
almost homogeneous energy distribution over the Working 
area 5. 

Particularly good results are obtained With a distance of 
approximately 50 cm betWeen the cylindrical lens and the 
Workpiece 6. 
A plate 4 that alloWs laser light to be transmitted is also 

advantageously provided betWeen the re?ection elements 2, 
2a and the Workpiece 6. 

It is also advantageously provided that the laser light 
sources include 1 pm optical ?bers, Which are correspond 
ingly subjected to a suitable laser. It goes Without saying that 
it may also be envisaged to provide the lasers directly at the 
indicated irradiating positions (laser light source 1), but this 
causes unnecessary restrictions on the distance betWeen the 
laser light sources 1, Which should preferably be 1 cm. By 
contrast With laser beams emanating directly from the laser, 
Which have for example a primarily square cross section, the 
use of optical ?bers also has the effect that approximately 
circular laser beams are obtained. 
A laser beam With a circular cross section or With an ellip 

tical cross section (after the cylindrical lens 3), hoWever, 
produces smoother transitional regions With regard to energy 
distribution than Would be the case for example With laser 
beams With a rectangular cross section (after the cylindrical 
lens 3). 

At present, laser light sources 1 With a luminous poWer 
output of approximately 100 W are used. It is provided that 
approximately 100 laser light sources 1 are combined in a 
laser light con?guration, so that a luminous poWer of approxi 
mately 10 kW is obtained in the Working area 5. HoWever, 
luminous poWer levels of 1 megaWatt are conceivable, and 
can preferably be achieved by individual laser light sources 1 
of approximately 400 Watts and a con?guration of the laser 
light sources 1 and the cylindrical lens 3 as diagrammatically 
represented in FIG. 6. 

In this case, the cylindrical lens 3 is disposed like a dome 
above the Workpiece 6 or the Working area 5 as shoWn in FIG. 
6. The indicated circles respectively represent irradiating 
points for the laser light sources 1. The con?guration or 
alignment of the laser light sources 1 and the cylindrical lens 
3 is respectively chosen such that the laser beams form the 
linear Working area 5, Which is optimiZed or homogeniZed in 
the Way proposed above. Alternatively, a con?guration of a 
number of cylindrical lenses 3, 3a, 3b may also be provided as 
shoWn in FIGS. 4 and 5. 

Altogether, a laser con?guration according to the prior art 
can be signi?cantly improved by the measures proposed 
herein, both With regard to the homogenization of the energy 
distribution in the Working area 5 and in the e?iciency of the 
energy irradiation into the Working area 5. As already indi 
cated, the number of laser light sources 1 can also be reduced 
While the luminous poWer in the Working area remains the 
same, since the laser light is used much more effectively, in 
that the laser light of the outer laser light sources 1 is also 
de?ected into the Working area. Conversely, a much higher 
level of luminous poWer can be introduced into the Working 
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6 
area With the same number of laser light sources 1, Whereby 
such high poWer levels of 1 megaWatt are possible in the 
Working area 5 in an e?icient Way. 

Such a laser con?guration also offers a high degree of fail 
safety. In the event of a laser light source failing, this only 
results in a poWer loss of 0.01 %, Whereas the failure of a laser 
light source in a con?guration according to the prior art 
already means a poWer loss of 1%. 
A laser con?guration as proposed herein may be intended, 

for example, for drying a Workpiece path or for melting Work 
piece surfaces. It may accordingly also be provided that the 
Workpiece 6 and the laser con?guration are respectively 
moved in relation to each other. 

FIG. 8 shoWs a con?guration according to the invention in 
Which laser diode bars are provided as laser light sources 7. 
These are disposed in such a Way that they are spaced apart 
next to one another in the direction of their fast axis (y in FIG. 
8), i.e. in the direction perpendicular to the layer structure of 
the semiconductor laser. 
The sloW axis direction (x in FIG. 8) of the laser radiation 

is collimated by the cylindrical lens 3, Whereas the fast axis 
direction is made to diverge further as the laser radiation 
propagates in the Z direction (see FIG. 8), so that in the linear 
Working area 5 a region 8 that is relatively extensive in the y 
direction is illuminated by each laser light source 7. 

FIG. 9 shoWs an embodiment of a con?guration according 
to the invention in Which laser light sources 9 formed as ?ber 
ends or laser diode bars or the like are disposed on an arc 10 
of a circle. Each of the laser light sources 9 is assigned a 
focusing device 11, Which focus the laser radiation emanating 
from the individual laser light sources 9 into a common focal 
area, in particular an approximately puntiforrn focal area. A 
center point 12 of the arc 10 is disposed in the common focal 
area in this case. The more laser light sources 9 that are to be 
used, the larger the arc 10 must be, Which can be achieved by 
increasing the radius of the arc. 
A cylindrical lens 13 is disposed doWnstream of the com 

mon focal area, or doWnstream of the center point 12 of the 
arc 10, in the average direction of propagation Z (see FIG. 9) 
of the laser radiation. The cylindrical lens 13 largely colli 
mates the laser radiation emanating from the individual laser 
light sources 9 With regard to the y direction (see FIG. 9), so 
that betWeen the tWo re?ection elements 2, 2a the laser radia 
tion can propagate in the Z direction. In this case, the cylinder 
axis of the cylindrical lens 13 extends in the x direction. The 
cylinder axis of the cylindrical lens 3 extends in the y direc 
tion. 

Instead of the Workpiece 6 being disposed in the direct 
vicinity of the re?ection elements 2, 2a, in the case of the 
con?guration depicted in FIG. 9, the Workpiece or the linear 
Working area 5 is further aWay from the re?ection elements 2, 
2a. This is achieved by insertion of imaging optics 14. These 
imaging optics 14 may include cylindrical lenses 15, 16 and 
bring about 1:1 or 1:—1 imaging of the laser radiation into the 
Working plane. 
We claim: 
1. A laser con?guration for machining a Workpiece, the 

laser con?guration comprising: 
a plurality of laser light sources being disposed in at least 

one roW for introducing a laser radiation into a predeter 
mined linear Working area, said plurality of laser light 
sources including outer laser light sources; and 

a ?rst re?ection element and a second re?ection element 
each having a tWo-dimensional con?guration; 

said at least one roW of laser light sources being aligned 
approximately orthogonal to said ?rst re?ection element 
and said second re?ection element; 
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said ?rst re?ection element and said second re?ection ele 
ment con?gured to re?ect said laser radiation emanating 
from said outer laser light sources into said Working 
area; and 

said ?rst re?ection element and said second re?ection ele 
ment being aligned opposite each other leaving a space 
betWeen them so that said laser radiation propagates 
from said at least one roW of laser light sources through 
said space betWeen said ?rst re?ection element and said 
second re?ection element and to said Working area. 

2. The laser con?guration according to claim 1, Wherein 
said ?rst re?ection element and said second re?ection ele 
ment extend approximately betWeen said laser light sources 
and the Workpiece. 

3. The laser con?guration according to claim 1, Which 
further comprises a lens device disposed betWeen said laser 
light sources and the Workpiece for collimation or focusing of 
laser beams emitted by said laser light sources With regard to 
one direction. 

4. The laser con?guration according to claim 3, Wherein 
said one direction is perpendicular to an average direction of 
propagation of said laser beams. 

5. The laser con?guration according to claim 3, Wherein 
said lens device includes at least one cylindrical lens. 

6. The laser con?guration according to claim 3, Wherein 
said lens device includes a plurality of cylindrical lenses 
forming With one another an included angle unequal to 0° and 
unequal to 180°. 
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7. The laser con?guration according to claim 6, Wherein 

said included angle is betWeen 140° and 160°. 

8. The laser con?guration according to claim 3, Wherein a 
distance betWeen said lens device and the Workpiece is 
approximately 50 cm. 

9. The laser con?guration according to claim 1, Wherein 
said plurality of laser light sources includes a semiconductor 
laser. 

10. The laser con?guration according to claim 1, Wherein 
said plurality of laser light sources includes an optical ?ber 
fed by at least one semiconductor laser. 

11. The laser con?guration according to claim 3, Which 
further comprises an at least partially laser-light-transmitting 
plate disposed betWeen said lens device and the Workpiece. 

12. The laser con?guration according to claim 1, Wherein 
said plurality of laser light sources are disposed in parallel 
roWs. 

13. The laser con?guration according to claim 1, Which 
further comprises imaging optics disposed doWnstream of 
said at least one re?ection element in a direction of propaga 
tion of said laser radiation, for imaging said laser radiation 
onto the Workpiece. 


